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A Fast Timing-driven Routing Algorithm for FPGA High Fan-out Net

CHEN Xun, ZHANG Min-xuan
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2. College of Computer, National Univ. of Defense Technology, Changsha 410073, China)

Abstract : For base timing-driven PathFinder router, it is found that the High-Fan-Out-Net routing spends around half of the

time to insert the previous routed routing tree into routing resource node priority queue, but not all the nodes inserted are useful.

In light of this finding, we proposed a pruning tree based priority queue initialization algorithm by just inserting the routing

resource node which shares the same direction with next routing sink. For the High-Fan-out Net benchmark, results show our

algorithm can shorten the initialization time by 5.23 times, and achieve 1.55 times speedup with almost the same quality of

result.
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1 |While (congestion exists ){

2 | for(each net, i){

3 Rip-up routing tree RT (7) and Update affected
4 p(n) values;

5 RT(i)=NetSource(i),
6 for (each sink, 7, of net(7) in decreasing Crit (7,7)

7 order){

8 add the RT(7) into Priority Queue |

9 while (sink(i,7) not found){

10 Wave expansion to find the trace to sink 7;

11 }

12 for (all nodes n, in path from RT (7) to sink(j, 7)) {
13 Update p(n),

14 Add n to RT(i);

15 }

16 Update Elmore delay of RT (7),

17| }

3
19| Update h(n) for alln;
20 | Perform timing analysis and update Crit (3 7) for all
21 nets 7 and sinks j;
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Fig.1 Baseline PathFinder algorithm
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Tab.1 Baseline PathFinder runtime analyze

_ B g e WA S
e WA mpal B mER Rl b2
(ms)  (ms) (%) (ms) (%) (%)
alu4 2801 2070 74 1148 41 55
bigkey 4225 2925 69 1816 43 62
clma 18779 13646 73 8638 46 63
dsip 4544 3651 80 2681 59 73
elliptic 7119 4974 70 3204 45 64
ex1010 8762 5970 68 3067 35 51
s298 4247 3756 88 2293 54 61
s38417 10716 6152 57 4393 41 71
s38584 11356 7787 69 6814 60 88
tseng 1130 637 56 373 33 59
SEYE 70 46 65
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Fig.2 Demonstration of pruning tree algorithm
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add rr node to PriorityQueue ( rr_node 7,
rr_node farget, level 1){
if (<=LEVEL TH){
add » into PriorityQueue ;
for (all the ir _node m follows 7 in routing tree ){
add rr node to PriorityQueue (1,
target, I+1),
¥
Yelsef
if (is_same dir(n, target)){
add 7 into PriotityQueuel
for (all the r node m follows # in routing tree ){
add rr node to PriorityQueue(m,
target, I+1),
b
¥
¥
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¥
19 |is_same dir(ir node n, it node target){

20 | Setrr node term be the sink

21 which 7 is routing to .

22 | if (angle(term-n, target-n}<=ANGLE TH){
23 return TRUE;

24 | }else{

25 return FALSE,

26|}

27 |}
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Fig.3 Pruning tree based PriorityQueue

initialization algorithm
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Fig.4 Demonstration of pruning tree
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Tab.2 FPGA architecture parameter

LUT ¥y A%CH (K) 4
BLE # LUT %t H (N) 1
TFRARTY Wilton
AL TE 53 BB H (Segment) 4
BARERSE(f ) 1.0
TFREEERSE() 3
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Tab.3  Quality of result comparison of two routing algorithm

ik B/ MR 1B KRR FRARGEIR
o e HEA f— FEAR WO [LES
ik () ()  ZI
alu4 14 14 4.536e -8 4.536e -8 1. 000
bigkey 13 13 4.761le -8 4.58le -8 0. 962
clma 16 16 1.253e -7 1.253e -7 0.999
dsip 13 13 3.786e -8 3.710e -8 0. 980
elliptic 14 14 9.895e¢ -8 9.907e -8 1. 001
ex1010 15 14 1.118e -7 1.122e -7 1. 004
s298 11 12 1.071e -7 1.075e -7 1. 004
s38417 11 11 9.124e -8 9.041e -8 0.991
s38584 12 12 5.894e -8 5.8%e -8 1. 000
tseng 9 10 5.654e -8 5.654e -8 1. 000
total 128 129
S 0.994




%6 4]

MR, % IER RSN FPGA 55 5S4 tis A 3 vk

- 65 -

A G TR LT REIE X, K 3
H, AT AT LA 5 T BT B Y PathFinder 5994
FERIR AL S A S I REAE HRAT 5. 23 ff a1y
P TRDINEE , 5 1 3 g AR 5 R AT A 2.2

R , 0 B T 5 S R AER A 1. 55 1%
AN . 2 4 RN 25 T AR B 5 S i A
LA I W) A 15 Y A e i (S A e o A5 R )
MR

F4 WHEERREBTHELE

Tab.4 Time comparison of two routing algorithm

oy A WAl S Foftofis B Ak
Wit kR WA B0 A A WA B0
W W mf Hi R j”f i W j“f W Rk ”'if

(m)  (ms) (m)  (ms) (ms)  (ms) (ms)  (ms)

alud 2800. 95 2072.77 1.35 2070.46 1375.49 1.51 1148.39 393.83 2.92 730.49 697.28 1.05
bigkey  4224.51 2330.95 1.81 2925.47 1183.66 2.47 1816.54 279.71 6.49 1299.04 1147.3 1.13
clma 18779. 10 14013.25 1.34 13646.77 8265.01 1.65 8638.39 2101.99 4.11 5132.33 5748.24 0.89
dsip 4544. 09 2455.18 1.85 3650.72 1497.41 2.44 2681.01 441.93 6.07 893.37 957.72 0.93
elliptic ~ 7118.92 4267.27 1.66 4973.99 2197.21 2.26 3203.51 512.07 6.26 2144.93 2070.05 1.04
ex1010  8762.39 7526.96 1.16 5969. 82 4511.66 1.32 3066. 83 903.24 3.40 2792.57 3015.30 0.93
s298 4247. 36 3322.55 1.28 3756.36 2776.66 1.35 2293.57 730.96 3.14 490.99 545.89 0.90
s38417 10715.68 6434.32 1.67 6151.87 2335.66 2.63 4393.43 707.78 6.21 4563.81 4098.66 1.11
s38584 11356.28 5124.18 2.22 7787.00 1562.36 4.98 6813.77 717.39 9.50 3569.28 3561.82 1.00
tseng 1130. 08 971.86 1.16 637.03 449.97 1.42 372.93 87.47 4.26 493.05 521.89 0.94
THIMY 1.55 2.20 5.23 0.99
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